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The Wide Field-of-view Cherenkov Telescope Array (WFCTA) of Large High Altitude Air Shower Observatory (LHAASO) is designed to measure the Cherenkov and fluorescent light created in the extensive air showers by
cosmic rays (CRs) from ~30 TeV to several E€V. In order to achieve an end-to-end calibration method for WFCTA, three Laser lidar facilities have been installed at LHAASO. They feature two N, and one YAG Lasers
which direct calibrated and pulsed beams into sky. Light scattered from Laser beams produces tracks recorded by the telescope detectors. The Laser calibration systems are used to investigate properties of the
atmosphere and air fluorescence. We introduce the design and performance of the Laser facilities at LHAASO. After excluding the inconsistency of all SIPMs of the telescope, we find that the experimental data of the
iImages collected by telescopes agree noticeably well with Monte Carlo’s simulation. )
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LHAASO consists of three interconnected arrays of—the Water Cherenkov Detector Array (WCDA), Kilometer Square Array (KM2A) and Wide Field-of-view Cherenkov Telescope Array . S § wE XA
(WFCTA). LHAASO is located at 4,410 m above sea level in Haizi Mountain, Sichuan Province, China [1, 2]. The WFCTA is designed to measure the Cherenkov and fluorescent light 2.2 YAG Laser facility _ 1o s E;D ;5_22
created in the extensive air showers by cosmic rays from ~30 TeV to several EeV. The energy spectra of cosmic rays measured by WFCTA are mainly obtained by calculating the number A frequency tripled Nd: YAG Laser was set up at the site of L3, which produces a P " dB o ::jifg
of photons Qe_tected by the telescope. As a result,. it is necessary to achieve an end-to-end Callbrahon methoel to the number of photons: conS|der|ng the overall conversion faetor from vertically and linearly polarized beam of 355 nm. The beam is pulsed, with a width of | Sama___est4soss
analog-to—dllgltal con\(erter (ADC) counte to ’Fhe hght flux at the teIe.sco.pe entrance. Cherenkov light is part!ally lost due .to the scattering by air molecules (Rayleigh ecatterlng) anq 7 ns, and a maximum energy per pulse of 2 mJ. A quarter-wave plate was brought in o
aeresols (Mie scatterlng.) wh.en propagating in air [3, 4]. The key .pomft in CR energy spectra measurement is the determlhatlon of the total energy of reconstructed air showers as it to the beam path and a phaseshift was added to convert the linear polarization into a “E
reqiures an absolute calibration for the detector [5]. The Leser calibration system (LCS_) Is adopted to detect the atmospheric fluorescence (_Cher.enkov light). Based upon the light flux circular one. An error less that 5% is feasible for the calibration of the photon number. : : |
calculatlo_n at .the front of the detector, one can straightly calibrate the. detector by analyzing the measu.red.ADC counts [6_]. Eor the WFCTA prOJect,_ In response to various needs, 3 sets of To accurately monitor and measure each Laser pulse to minimize the error attributed — D D D D D ol m A
Laser calibration and atmospherle monitoring Systems_ ha_ve heen hunt at LHAASO,.as d.emonstrated in F_lgure 1.. The principle of the absolute callbrahen of photens fer a telescope is as to the energy fluctuation, a beam splitter was added in the beam path and reflected . = D pegreq
follews: a !aser pulse with a certain energy and polarization is emitted from the _Callbratlon room to the field of view (FoV) of the teIescepe at a.spec;lflc angle with a time delay during a - 40% of the beam (reference beam) into an energy detector. The energy ratio for |
period of time (see_Flg. 2). By the calculation of the expected and the acquired light fluxes at the front of the aperture of the telescope, it is attainable to calibrate the number of photons them is independent of the emitted laser pulse energy and only committed to the e 5oy o
from a Cherenkov light. ; angle of incidence and the polarization of the beam. The fluctuation of the emitted - e . i
= T Woite . e light cancels out and it paves the way to a pulse-by-pulse energy monitoring by Som. b e Soosis
‘[é - :’n __'0:‘..-_ oy recording the pulse energy of the reference beam. NIEIETTEEFIREERITEN _ | Sgma 3.965+0,065
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fommia . e above the whole array with a coverage of 4608 square degrees. Each Laser acquires T o e
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nitrogen Laser event and a YAG Laser event, respectively, are shown in Figure 4. Npe (c) and distribution of laser energy (d).
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is indicated by a red star (L2, L3 and L4). photons emitted into atmosphere and scattered into the telescope, respectively, and developed to simulate the LCS, including the properties of the following parameters: 4“‘“ﬂﬂﬁ“ﬂ'r““"'“1'ﬁ-l'r" ) % i
a is the distance between a Laser and the te|escop. the Laser (the energy, pOIarlzathn, beam size and d|VergenCG, etC.) and the rOtatlng 6|1 i o T T BENSEREE 2000 —6_:... + ... ..*.. |] 2000
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2. Laser calibration system telescope (the Same one for the C.R S|mhlat|on) are also involved. Currently the US Figure 6: The image of one Laser event detected by one telescope of WFCTA. Left:
standard model is applied to the simulation, and other atmosphere models are also . = . .. . .
i - optional. Figure 6 illustrates the comparison of the experimental data of the images experlmental data; nght. Monte Cerlo S|mu_l_ated even.t. The black line is a linear f'.t for t_he
The LCS of WFCTA Is generally composed of two parts: hardware and p” J I th the M P Carlo simul P Hich J N image, and the red line is the predicted position of the image based on the calculation with
software for eontrollmg, |nc|ue|ng a Laser head and |ts_controller, a eallbratlon At — collected by telescopes with the Monte Carlo simulated events, which agrees we the astronomical package slalib, which is the same for the plots both on the left and right.
room, the cruise control and imaging system. The L2 is 465 m, L3 is 1075 m [ Cover Detalled studies on the galn of the telescope and aerosol measurement are ongoing.
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